A C D conformational analysis has been performed on CCK-peptides elongated at the N-terminus in sequence mode beyond the naturally occurring CCK-8 up to the pentadecapeptide sequence. By extending N-terminally the CCK-8 sequence an intramolecular salt bridge between the tyrosine-O-sulfate and the arginine guanido function is allowed to be established. However, this intramolecular electrostatic interaction was not found to affect the bioactivities o f the CCK-peptides indicating that induction o f such salt bridge at the level o f the ligand molecule does not prevent a similar interaction at receptor level by exchange o f the counterion partner. As expected for unconstrained short linear peptides the dichroic properties in aqueous solution were indicative o f predominantly random coil structure. Conversely, in aqueous TFE the C D spectra were consistent with the presence o f y-type turns similarly to what has been observed under identical conditions for small size peptides related to the hom ologuous gastrin hormone. In surfactant solutions the CCK-peptides were found to assume /?-type structures by inserting at least the C-terminal portion o f the bioactive core into more hydrophobic compart ments o f the surfactant micelles, whereas the hydrophilic charged N-termini o f the CCK -pep tides o f increasing chain length are exposed to the water phase in random coil structures as suggested by the CD spectra. This contrasts previous findings related to the hom ologuous gas trin peptides, where identical CD spectra were recorded in aqueous TFE and in presence o f micelles. This observation strongly suggests that gastrin and CCK related peptides exhibit dis tinct conformational preferences, despite their high degree o f sequence hom ology, and fully agrees with the ability o f CCK to interact specifically with different receptors.
. At this low temperature and high viscosity a predominant conformation was deter mined consisting of a y-turn centered on threonine and separated by the glycine residue from an a-helix involving the C-terminus, whilst the N-terminus is flexible and saltbridged between the tyrosine-O-sulfate and the arginine guanido func tion.
In order to investigate systematically a possible stabilizing effect of a gradual peptide chain elon gation on the conformationale state of the bioac tive CCK-core and its biological relevance, a set of peptides synthesized previously [18, 21-23] and listed in Table I was analyzed in this context in the present study. Although CD measurements have found only limited attention in the conformational analyses of CCK-peptides [10] , in the present study we made use o f this spectroscopic technique as it has already provided useful information about predominant conformers at equilibrium un der different physicochemical conditions in a pre vious study on the homologuous gastrin molecule [24, 25] ,
Experimental

M aterials
The CCK-and gastrin-peptides used in the pres ent study are listed in Table I 
Biological assays
The tracer used for the competitive binding assays on CCK-receptor containing systems was 125I-BH-(Thr,Nle)-CCK-9; this was prepared fol lowing the procedure previously described [28] . The CCK-peptides were analyzed for their binding affinities to intact A R 4 -2 J cells [29] as well as to membrane preparations of these cells and to mem branes from normal pancreas as described pre viously [30] . Binding to intact rat pancreatic acini was determined following known protocols [31] . Moreover, the CCK-peptides were analyzed for their adenylate cyclase activation potency in plas ma membranes from rat pancreas, again according to known procedures [32] .
Results
Dichroic properties o f CCK-peptides in aqueous solution
In 10 mM phosphate buffer (pH 7.0) noisy CD spectra of unexpectedly weak intensities were re corded for CCK-8, (Thr, Nle)-CCK-9 and CCK-10 in the far-uv region as shown representatively in Fig. 1 for (Thr,Nle)-CCK-9 (curve 1). Further N-terminal elongation to the CCK-12, CCK-13 and CCK-15 was found to slightly improve the quality of the spectra, but the signal to noise ratios remained too low. On the other hand, desulfation of (Thr,Nle)-CCK-9 led to a CD spectrum (curve 2 of Fig. 1 ) of normal signal to noise ratio, which strongly reminds that o f non-sulfated gastrin pep tides of similar size in aqueous solution [25] . It is typical both in shape and dichroic intensities for aperiodic structures as expected for these short li near peptides in water. This would imply that sul fation of the tyrosine residue is responsible for the Increasing the ionic strenght to more physiolog ical values, i.e. in 20 mM phosphate containing 100 mM NaCl (pH 7.0), more reliable CD spectra could be recorded for (Thr,Nle)-CCK-9 and CCK-10 and particularly, for the higher molecular weight CCK-peptides as shown in Fig. 2 ; however, the signal to noise ratio of the CD spectrum of CCK-8 was still unacceptable. As the spectra were found to be concentration-independent in the 1 ■ 10-4-5 -10"5 M range, intermolecular aggrega tion at extents capable of affecting the CD proper ties can be excluded. The spectra clearly reveal that N-terminal extension of CCK-10 induces remark able changes in the dichroic properties with an ab rupt increase of the negative maximum around 200 nm whose intensity increases as a function of the chain length, except for Ser(dGal)-CCK-l 1; this effect may reasonably be attributed to weakened endgroup effects. The overall CD patterns are con sistent with predominantly aperiodic structures. Not in line with this general trend is the CD spec trum o f Ser(dGal)-CCK-l 1 which exhibits the neg ative maximum at 200 nm of nearly identical in tensity as that recorded for CCK-15, but addition ally a broad negative shoulder above 215 nm. Thus, incorporation of a carbohydrate moiety at the N-terminal serine residue leads to dichroic properties which are not reflecting merely random coil structures. Stabilization of ordered conforma tions by built-in carbohydrates has recently been observed in the case of model peptides [34] , Similarly to what was observed in phosphate buffered NaCl, acceptable signal to noise ratios are characterizing the CD spectra of (Thr,Nle)-CCK-9 and CCK-10 in 50 mM TRIS H3P 0 4 (pH 7.0) as shown in Fig. 3 ; but again a reliable spec trum could not be recorded for CCK-8 because of the excessive noise. Upon elongation of the pep tide chain a gradual increase of the intensity at 200 nm to values similar to those measured in phos phate buffered NaCl is observed. However, a broad negative shoulder is observed above 210 nm which does not exclude the presence of periodic structures at least to some extent in this buffer.
Dichroic properties o f CCK-peptides in aqueous TFE
TFE has routinely been used in conformational analysis o f peptides in order to lower the dielectric constant of the medium and thus, to mimic the en vironment of membrane-bound receptors. Recent ly, it has been reported that TFE may not be as ap propriate for this purpose as generally believed, since it is a too strong a-helix inducer [35, 36] , Nev ertheless we have analyzed the CCK-peptides by titrating their aqueous solutions with TFE in order to allow for a direct comparison of the resulting dichroic properties with those previously determined for the homologous gastrin-peptides [25] .
TFE titration of (Thr,Nle)-CCK-9 in 50 mM TRIS H3P 0 4 (pH 7.0) was not accompanied by well expressed isodichroic points and the final spectrum in 90% TFE (Fig. 4, curve 1 The TFE titration of the CCK-peptides in phos phate buffered NaCl (pH 7.0) led to very similar CD results whereby only 70% TFE concentrations could be obtained because of salt precipitation at higher TFE/water ratios. The CD spectra strongly remind those reported and discussed above and thus, allow similar conclusions to be drawn (data not shown). Interestingly, at high TFE concentra tions CD spectra of the CCK-peptides can also be recorded at low ionic strength. The CD spectrum X (nm) of (Thr,Nle)-CCK-9 in TFE/10 mM phosphate buffer, 9:1 (pH 7.0) is shown in Fig. 6 ; it is practi cally identical to that recorded in TFE/50 mM TRIS H3PO4, 9:1 (pH 7.0). Again desulfation of the CCK-9 analog was found to induce significant changes in the dichroic properties with a slight blue shift o f the n~n * transition band from 203 to 201 nm and a concomitant increase in intensity from a [0]R value of -3000 to -6000 as shown in Fig. 6 . An opposite effect is observed in the case of gastrin where sulfation is remarkably decreasing the CD of the n-n* transition band at 217 nm from a [0]R value of -11 300 to -8500.
Dichroic properties o f CCK-peptides in surfactant solution
Interaction of peptide hormones with surfactant micelles has widely been used for an alternative, possibly more proper mimicry of membranebound receptor environments than organic sol vents. Previous studies on gastrin peptides [40] A, (nm) In the presence of uncharged OGP micelles again the most striking effect is related to peptidesize induced CD differences. As shown in Fig. 8 the CD spectrum of (Thr,Nle)-CCK-9 exhibits a negative band at 215 nm followed by a second one at 204 nm and a crossover at 200 nm to a positive band at 198 nm; besides the additional relatively strong positive band at 225 nm the spectrum re minds both in shape and weak intensity that ob tained at high TFE concentrations. The CD spec trum of CCK-10 differs again remarkably from that of the CCK-9 analogue with a negative maxi mum located at 203 nm. Upon further size-increase of the CCK molecule to the tri-and pentadecapeptide remarkably increased dichroic inten sities were observed for the negative maximum at X (nm) Interesting changes in the CD spectra were in duced upon addition of CTAH micelles with their positively charged head groups to the aqueous peptide solutions (Fig. 9) . The CD spectrum of (Thr, Nle)-CCK-9 is characterized by a surprising strong positive band at 226 nm, a negative maxi mum centered at 215 nm with a weak shoulder at 209 nm and finally a maximum at 200 nm. In the case of CCK-10 the latter band is sensibly en hanced to positive values ([0]R = +600), the nega tive band is again located at 215 nm, but the shoul der observed for CCK-9 is better expressed at 204 nm, whereas the positive maximum at longer wav elengths is o f weaker intensity and red-shifted to 228 nm. In the CD spectra of CCK-13 and CCK-15 the negative dichroism at 215 nm is retained, but the second negative band is blue-shifted to 206 X (nm) The cancerous rat pancreatic acinar cell line A R 4 -2 J is known to contain 80% CCK/gastrin preferring and 20% CCK preferring receptors [43] . As summarized in Table II In the present study we could also confirm that N-terminal extensions of the CCK molecule are af fecting only marginally the conformational states of the bioactive core under different conditions. As expected for linear flexible peptides the CD spectra of the CCK-peptides in aqueous solution were consistent in shape and intensity with predomi nantly random coil structures at conformational equilibrium. However, titration of the aqueous so lutions of the CCK-peptides with TFE was found to induce ordered conformations which are appar ently stabilized to some extent by N-terminal sequence-extensions up to the undecapeptide. On the other side, the biological properties were insen sitive towards increase o f the peptide size. It seems therefore reasonable to assume that the biological ly relevant conformational states of the bioactive core, i. e. o f CCK-8, are not affected by the peptide size, but that this conformation is stabilized by weakening endgroup effects.
The CD spectra recorded for this set of CCKpeptides at high TFE concentrations strongly re mind those measured under similar conditions for gastrin peptides o f similar size both regarding CD intensities and location of maxima. The latter spectra were attributed to y-type turns and a fold ing of the C-terminus of gastrin in this conforma tion was later confirmed by 'H NMR analysis of the gastrin in aqueous TFE [46, 47] . The presence of the identical C-terminal pentapeptide in the CCK molecule makes it most reasonable to as sume that the observed CD properties in aqueous TFE reflect a similar conformational state of this sequence portion in CCK, too. This, however, would mean that the flexible N-terminus, saltbridged in the larger-size CCK-peptides, is not conformationally constrained and does not exert significant effects on the conformational space of the C-terminus. This would fully agree with the observation that sulfate-independent central type-B receptors recognize both CCK and gastrin with identical affinity [4] . On the other hand, a gastrintype folding o f CCK-peptides could not be as sessed by 'H NM R analysis in aqueous dimethylsulfoxide. Moreover, even more importantly, the dichroic properties o f the CCK-peptides in pres ence o f surfactant micelles are completely different from those recorded in TFE, whereas in the case of gastrin identical spectra were measured in SDS mi celles and aqueous TFE. The CD spectra of the CCK-peptides in charged surfactant solutions sug gest the presence o f /?-type structures in full agree ment with the CD properties o f a double-tailed lipophilic (Thr,Nle)-CCK-9 derivative embedded into phosphatidylcholine bilayers [49] , This type of extended conformation contrasts also the 3D structure in dimethylsulfoxide/water as deter mined by NM R and would therefore suggest that differently from what was observed for gastrin, the CCK-peptides exhibit a pronounced tendency to fold into various ordered conformations depend ing upon the physicochemical invironment. This is fully consistent with the ability of this hormone to interact specifically with different receptors.
The present study was supported by the Euro pean Community grant No. SC 1 /C T 91 -0632.
